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© Liquid oxidative* modified ethylenlc random copolymer, process of making i 
© There is provided a liquid oxidatively modified ethylenlc 
random copolymer, which is an oxidatively modified product of 
a liquid ethylenic random coplymer comprising 20 to 80 moKVb of 
ethylene and 80 to 20 moW> of ct-olefin. and has (i) a number 

?n e ^ e ,. m ° ,ecular weight ( ** n) in me ^9* of from 200 to 
10,000. (n) a molecular weight distribution (Mw/lCln) given as 
weight average molecular_weight (Ww) divided by number 
average molecular weight (Mn) in the range of up to 4 and (Hi) 
an oxygen content of from 0.1 to 20<Vb by weight, an acid vaJue 
of from 0.1 to SO. and a saponification value of from 0.1 to 100 It 
is prepared by contacting a corresponding ethylenlc random 
copolymer with oxygen-containing gas at 1 00-250° C 
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Description 

Liquid Oxidatively Modified Ethyfenic Random Copolymer, Process of Making and Use 
BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

This invention relates to a liquid oxidatively modified ethylenic random copolymer, a process of making the 
same and use thereof. 

10 Discussion of the Prior Art 

A variety of additives are blended in lubricant oils including gear oil, engine oil, grease, metal processing oil 
and mold release agent in order to improve their performance. The additives are selected depending on the 
intended use and most additives are polar compounds. In order that the additives attain their intended 
purpose, the additives are desired to be soluble in base oil of lubricant. Some additives having less affinity to 

15 ■ the base oil are not dissolved in the base oil, but are only dispersed in the base oil. Mineral oils were used as 
the lubricant base oil in the past, but are now largely replaced by synthetic lubricant oils as typified by olefin 
polymer oils. The above-mentioned tendency is more outstanding with the synthetic lubricant oils, which often 
fail to fully improve the performance of lubricant oil. In the lubricant oil field, there is a strong need for a 
compatibilizing agent which can improve the solubility of various additives in the base oil. 

20 . A va 7 etv of additives are also blended in coating compositions depending on the intended use. For example, 
micronized silica, micronized precipitating calcium carbonate, bentonite, and organic bentonites are used in 
the prior art as anti-filler-settling agents, anti-sag agents, and low-temperature flexibility imparting agents. 
These additives do not function to a full extent in some intended applications. In the painting field, there is a 
need for a formulating agent which can exert its full function in parnxing compositions. 

25 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a novel liquid oxidatively modified ethylenic random 
copolymer. 

Another object of the present invention is to provide a process for making a liquid oxidatively modified 
30 ethylenic random copolymer. 

A further object of the present invention is to provide a formulating agent for lubricant oil. 
A still further object of the present invention is to provide a formulating agent for painting composition. 
We have found that a liquid oxidatively modified ethylenic random copolymer of specific nature is a novel 
compound and can attain the above objects. 
35 According to a first aspect of the present invention, there is provided a liquid oxidatively modified ethylenic 
random copolymer, which is an oxidatively modified product of a liquid ethylenic random copolymer 
comprising 20 to 80 moW/b of ethylene and 80 to JO moio/o of a-olefin, and having 

(i) a number average molecular weight (Mn) in the range of from 200 to 10.000 as measured by a vapor 
pressure osmometer(VPO), 

40 (») a molecular weight distribution (Mw/Mn) given as weight average molecular weight (Mw) divided by 

number average molecular weight (Mn) in the range of up to 4 as measured by gel permeation 
chromatography, and 

(Hi) an oxygen content in the range of from 0.1 to 2u% by weight, an acid value in the range of from 0.1 
to 50. and a saponification value in the range of from 0.1 to 1 00. 
45 According to a second aspect of the present invention, there is provided a process for preparing a liquid 
oxidatively modified ethylenic random copolymer, comprising: 

contacting a liquid ethylenic random copolymer comprising 20 to 80 mol<Vb of ethylene and 80 to 20 moWo of 
a-olefin and having a number average molecular weight (Mn) in the range_of from 200 to 10.000 as measured by 
a vapor pressure osmometer, and a molecular weight distribution (Mw/Mn) given as weight average molecular 
50 weight (Mw) divided by number average molecular weight (Mn) in the range of up to 4 as measured by gel 
permeation chromatography with a gas containing molecular oxygen, ozone or a mixture thereof at a 
temperature of from 100 to 250° C to oxidize the copolymer until an oxygen content in the range of from 0.1 to 
200/o by weight is reached. 

The present invention further provides the use of the liquid oxidatively modified ethylenic random copolymer 
55 defined above. According to a third aspect of the present invention, there is provided a formulating ingredient 
for lubricant oil. comprising the liquid oxidatively modified ethylenic random copolymer. 

According to a fourth aspect of the present invention, there is provided a formulating ingredient for painting 
compositions, comprising the liquid oxidatively modified ethylenic random copolymer. 

60 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the infrared absorption spectrum of the liquid oxidatively modified ethylenic random 
copolymer prepared in Example 1 , and 

FIG. 2 shows the infrared absorption spectrum of the liquid oxidatively modified ethylenic random 
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copolymer prepared in Example 2. 



DETAILED DESCRIPTION OF THE INVENTION 

m o^fiJZ id H° Xi fT7 TT? ethy,eni ° rand0m ^polymer of the present invention is an oxidatively 
P „°tf° ° f 3 QU K. et ^r' T nd ° m COprtymer uprising 20 to 80 moKVt, of ethylene and 80 oS 
moio/o of a-olef,n. preferably 30 to 70 moio/o of ethylene and 70 to 30 moXVb of a-olefiTmore preferably 
compr.s.ng 40 to 60 mcWo of ethylene and 60 to 40 mo.o/o of a-olefin. The a-olefln wnsig^lSSd 

VSSZ T t C ° P °TK er inC ' UdeS th ° Se a -°' efinS havin 9 3 ,0 20 carb °" atoms. fc^ ex^Se propy l 
-butene. 1-per.tene 1-hexene. 4-methyl-1-pentene. 1-octene. 1-decene. 1-dodecene l-t^tra^cen^' 
1-hexadecene. 1-octadecene. and 1-eicocene. ' leiraoecene. 

The liquid oxidatively modified ethylenic random copolymer has (i) a number average molecular weioht lUn) 
m , the range of from 200 to 10.000. preferab.y from 300 to 8.000. more preferably froSSo to 1 00^ aTmfasLrad 
by a vapor pressure osmometer(VOP). and (ii) a molecular weight distribution (iSnVtfve^ m S 
average molecular weight divided by number average molecular weight STSe ranT 

ox.dat.ve y modmed ethylen.c random copolymers having a number average molecular weight (Mn) fn ihe 
range of from 200 to 10.000 are effective as the formulating ingredient for lubncant oil or paS comoosition 

ffiEn.' , qU ' d , 0 r da,,V « y m ° dffied e,hy,eniC random ^polymers Having a mSS^SS^S^ 
(Mw/Mn) of up to 4 are effects as the formulating ingredient for lubricant oil or painting composition 
The hqu.d ox.datively modified ethylenic random copolymer of the present inventi^h^Toxyoen content 

by weight, anac.d value in the range of from 0.1 to 50. preferably from 0.2 to 40. more preferably from 0 5 to 35 

ethylenic random copolymers having an oxygen content in the range of from O.KVb to 20% by weight o^an acid 
value in he range of from 0.1 to 50 or a saponification value in the range of from 0 1 tolOO ZZSkSEZZ 
formulating ingredient for lubricant oil or painting composition effective as the 

The liquid oxidatively modified ethylenic random copolymer of the present invention is one in which ethylene 
are KSE\2S2 S^ETS ^ intermed,ate of the P 0 *™ chain of an ethylenic Z£Z£2£Z 
lx a mn.«^f y th , ^ f 1 ox y9 en - con, aining functional group which Is formed by oxidation 

raZnL 6 a ^IiL h oxygen-contammg functional group Include carboxyl, oxycarbony. (ester bond). fonZ 

from 0 0 to 0 8 mo.^„ 9 dTh PS - V?*™ " T"*"* 1 9r ° UP ™9° S from 0 001 to 1 mol. P « S 

from 0.01 to 0.8 mol. and the content of oxycarbonyt group (ester bond) generally ranges from 0 001 to 2 mol 

Sm to « Z^SLSri' n^°7n 9r °, UpS ' that is " total cw * on »« 9 rou P «ontint generally ranges from 
0_01 to 15 mol. preferably from 0.05 to 10 mol and the content of hydroxy! group general* ranges from 0 01 to 
15 mol. preferably from 0.05 to 10 mol on the same basis as above 

o«]2ta , J!l^f We,y . m0 ? Bi t? e w y . leniC rand ° m c °P 0, y™ r of «» P^sent invention is prepared by the 
oxidative modification of a liquid ethylenic random copolymer having an ethylene content of from 20 to 80 

rf * K° m 70 10 30 rnO,V0 ' m0re P refera bly from 60 to 40 mol%. The liquid ethylenic random 
( ° 3 numberavera 9 e molecular weight (Mn, in the range of from 200 to 10.000. preferabtfrom 
300 to 8.000 more preferably from_500 to 5.000 as measured by a vapor pressure osmometer and nil a 
molecular weight distribution (Mw/Mn) given as weight average molecular weSW^deTbv number 
^V™ ,ecu f wei 9* < Mn > in < he ^nge of up to 4. prefer^ up to 3.5. m Je^ ]£££ J to 3 £ 
measured by gel permeation chromatography. Examples of the a-olefin component constituting the liquM 
™« ^r d r MP °^ r ^ ,he . Same <~ ,efin3 hav *"9 3 to 20 carbon atoms as o^cnbed above^ 
° C ° mP ? ne ^Tf 05 * 0 " °' * he ,iqu,d eth * enic ^dom copolymer generally has a standard 
th?S 2£ UP t0 3 ; preferab ^ "P 10 2 - more preferably up to 1. When the ethylene component content of 
fi^,h^ en ' C ran „ d ° m COp ?' yme ? has a star,da r d Ovation (o) of up to 3. tte^sultmglquid oxidase* 
TtXfKh"; random o°P°'yrner becomes more soluble in lubricant oil and painting compositions * 
U) i b -S ?5 10 copolymer may have a B value falling within the foll<wlng range: 

wherein B is given by the following equation (I): 

Poe 55 

B — ■ 

2Po. Pe (1) 

wherein Pe is the molar fraction of the ethylene component in the copolymer 60 
Po is the molar fraction of the a-olefin component in the copolymer and ' 
Poe is the molar fraction of the a-olefin-ethylene chain in the total dyad chain 

cooofvmt U rhl a Ai! 1de>< p hlC . h ind i Cat6S 'u e disMion ° f 'he respective monomer components in the 
copolymer chain. A h.gher B value ,nd.cates that the copolymer contains less block chain units and has a more & 
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uniform distribution of ethylene and a-olefin. \ 

Preferred liquid ethylenic random copolymers have the following B value. The copolymers with an ethylene 
content of 50 mol% or lower have a B value falling within the following equation: 

1.0 + 0.2 xPe < B < 1/(1 -Pe) t 
5 preferably 

1.0 + 0.3xPe < B < 1/(1 -Pe), 
more preferably 

1.0 + 0.4 xPe < B < 1/(1 -Pe). 
The copolymers with an ethylene content of 50 moWo or higher have a B value falling within the following 
10 equation:. 

1.2- 0.2xPe £ B ^ 1/Pe. 
preferably 

1.3- 0.3xPe < B ^ 1/Pe. 
more preferably 

15 1.4-0.4xPe < B < 1/Pe. 

These liquid ethylenic random copolymers may be prepared by the methods proposed by the same 
assignee as the present invention in Japanese Patent Application Kokai No. 57-123205 and Japanese Patent 
Application No. 60-259835 with a proper choice of polymerization conditions. 

The liquid oxidatively modified ethylenic random copolymers of the present invention can be prepared by 

20 oxidizing the above-mentioned liquid ethylenic random copolymers with a gas containing molecular oxygen 
and/or ozone, optionally in an inert hydrocarbon medium. The molecular oxygen-containing gas used for 
oxidation includes oxygen gas, air, and gaseous mixtures of molecular oxygen diluted with an inert gas such as 
nitrogen, argon and carbon dioxide to a proper concentration. The ozone-containing gas includes ozone, 
gaseous mixtures of ozone with oxygen or air, and gaseous mixtures of ozone or ozone plus oxygen or air 

25 diluted with an inert gas such as nitrogen, argon and carbon dioxide to a proper concentration. The gas 
containing molecular oxygen and ozone may be any mixtures of the foregoings. 

The inert hydrocarbon medium which may be used in oxidative reaction include, for example, pentane, 
hexane, heptane, octane, decane, dodecane, kerosine, gas oil, benzene, toluene, and xylene. 

Oxidation of the liquid ethylenic random copolymer is generally carried out in the absence of a catalyst, but 

30 may be carried out in the presence of a radical initiator or an oxidative catalyst. Examples of the radical initiator 
include organic peroxides such as benzoyl peroxide, di-tert.-butyl peroxide, tert.-butyl hydroperoxide, dicumyl 
peroxide, and 2,5-dimethy1«2,5-di(peroxybenzoate)hexine-3. Examples of the oxidative catalyst include 
inorganic compounds such as cobalt acetate, manganese chloride, copper, nickel oxide, manganese dioxide 
and cobalt naphthenate. ** ^ 

35 Oxidation of the liquid ethylenic random copolymer is effected at a temperature in the range of from 100 to 
250°C, preferably from 120 to 230 o C, more preferably from 130 to 200°C. The time taken for the oxidation 
reaction ranges from 10 minutes to 20 hours, preferably from 30 minutes to 10 hours. The oxidation may be 
carried out either in atmospheric pressure or in applied pressure. The reaction mixture obtained at the end of 
oxidative reaction may be worked up by a conventional technique, obtaining the liquid oxidatively modified 

40 ethylenic random copolymer of the present invention. 

The liquid oxidatively modified ethylenic random copolymer of the present invention may be used as a 
formulating agent for lubricant oil. As the lubricant oil formulating agent, the present copolymer may be 
combined with mineral lubricant base oil and any synthetic lubricant oils including olefinic synthetic lubricant 
base oils (such as olefinic polymer oil or copolymer oils), silicone synthetic lubricant base oils, and ester 

45 synthetic lubricant oils. The liquid oxidatively modified ethylenic random copolymer is blended with lubricant 
base oil In an amount of 0.5 to 300 parts by weight, preferably from 0.8 to 200 parts by weight, more preferably 
from 1 to 150 parts by weight per 100 parts by weight of the above lubricant base oil. In addition to the base oil 
and the present copolymer, the lubricant composition may further contain various additives known to be 
blended in lubricant oil. Examples of the additives include mineral oil (neutral oil), low molecular weight a-olefin 

50 polymers, silicone synthetic lubricant oil, ester synthetic lubricant oil, oxidation stabilizers, extreme pressure 
additives, anti-corrosive agents, defoaming agents, and anti-abrasion agents. These additives may be blended 
in any desired proportion. 

The lubricant oil having the liquid oxidatively modified ethylenic random copolymer blended therein may be 
used in lubricating applications as gear oil. engine oil, grease, cutting oil, metal processing oil and mold release 

55 agent. 

The liquid oxidatively modified ethylenic random copolymer of the present invention may also be used as a 
formulating ingredient for painting composition. Examples of the coating composition in which the present 
copolymer is blended include painting compositions containing as a film-forming resinous component alkyd 
resins or modified alkyl resins, unsaturated polyesters or modified unsaturated polyesters, phenol resins. 

60 epoxy resins or modified epoxy resins, amino resins such as urea resins and melamine resins, polyurethane 
resins, condensed painting resins such as drying oil, polymerized painting resins such as acrylic resins and 
rubbery painting resins. The liquid oxidatively modified ethylenic random copolymer may generally be blended 
with the film-forming component in an amount of from 0.01 to 20 parts by weight, preferably from 0.1 to 10 
parts by weight per 100 parts by weight of the film-forming component. The painting compositions(coating 

65 agent) having the present copolymer blended therein may further contain any desired additives known in the 
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form of an aqueous emulsion, and this emulsion may use J exa^pS as S p^sl^, 



EXAMPLES 



Examples of the present invention are presented below bvwav of fit. ,<.*".«,■>.» „„w . , ,. . . 

In the present invention, shown belw arc VnSSSfS ™Lu£Tm£ZTJ? Y ™* * l T aXum - 
physical properties of liquid oxidativety modified ettwtenic ° evaluating the composition and 

copolymers from which^e modified [coders ^aS p'epaTed C ° PO,ymerS and H ^ id eth * e " ic ™<°<" /5 

(1) Composition 

The composition of ethylene and a-olefin components was determined by 13 C-NMR. 

(2) Number average molecular weight (Efn) 20 

(3) Molecular weight distribution (Mw/Mn) 25 
Sample preparation 

mi ^f mP ' e a 1 d6d *? o-dfchlofobenzene in a conical flask to a concentration of 0 1% by weight 

stSSSZ S W3S h w at6d 31 14 °° C for one hour - conte "* "ere passed through SLs 
steel filter having an opening d.ameter of 0.5 urn. The filtrate was analyzed by GPC. stamiess 

GPC 

Gel Permeation chromatography (GPC) was carried out under the following conditions 
a) Chromatograph: 150C-ALC/GPC manufactured by Naters 

S fe 0 mpT ra ,ure^ C n - nufactu " d » EJ - duP <"« <• Nemours and Company 

(d) Flow rate: 1 ml/min. 

(4) Standard deviation (a) of ethylene component composition 
Solvent extraction fractionation 

adde ?J£> ? Z If * f ° ^ layers The lower layer was designated fraction solution FS1. To the upper layer was 
So layeS The ,owi a n ri ""T 6 then P ' aced ^tionarity whereupon It ^amted Zt 

ellloUbX^Z^?,™*' teyerS W6re desi 9"ated fraction solutions FS2 and FS3, respective* 
F»rh °, h solutions was removed of the solvent by distillation, obtaining fractions F1 F2 and F3 
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E = ZEiWi/ZWi 
i 



o = J|(Ei -E) 2 Wi 



wherein Ei is the ethylene composition of fraction i, 
10 Wi is the weight ratio(weight fraction) of fraction i, 

E is an average ethylene composition of the copolymer. 
The greater the standard deviation (a) of the ethylene composition, the wider is the composition distribution. 

(5) B value 

y5 The B value of the liquid low molecular weight ethylenic random copolymer is defined by the followinq 
equation: ' * 

Poe 

20 B = 



2Po.Pe (I) 

wherein Pe is the molar fraction(the content molar fraction) of the ethylene component in the copolymer, 
22 Po is the molar fraction(the content molar fraction) of the a-olefin component in the copolymer, and 
Poe is the molar fraction of the a-olefin-ethylene chain in the total dyad chain. 
The B value is an index which indicates the distribution of the respective monomer components in the 
copolymer chain. The B value is calculated by determining values of Pe, Po and Poe according to the 
procedures reported by G.J. Ray, [Macromolecules, 10, 773 (1977)1, J.C. Randall, [Macrolecules 15 353 
3Q (1982)], J. Polymer Science, [Polymer Physics, Ed., JH, 275 (1973)], and K. Klmura, [Polymer, 25. 441 (1984)]. A 
higher B value indicates that the copolymer contains less block chain units and has a more uniform distribution 
of ethylene and a-olefin. 

The B value was calculated by homogeneously dissolving about 200 mg of a copolymer in 1 ml of 
hexachlorobutadiene in a test tube having a diameter of 10 mm to form a sample, and measuring a 13 C-NMR 
35 spectrum of the sample under the conditions: temperature 1 20° C, frequency 25.05 MHz, spectrum width 1500 
Hz, filter width 1500 Hz. pulse repetition time 4.2 sec. pulse width 7 usee, and accumulated cycle 2000-5000 
cycles, and determining Pe. Po and Poe from the spectrum. 

(6) Acid value 

40 Acid value was measured by the total acid value measuring method described in JIS K 2501-1980. 

(7) Saponification value 

Saponification value was measured by the saponification value measuring method described in JIS K 
0070-1966. 



(8) Oxygen content in percent 
Percentage of oxygen content was measured by organic elemental analysis. 



(9) Quantitative analysis of hydroxyl group 

50 Quantitative analysis of hydroxyl group was carried out according to the acetylation method described in S. 
Siggie. "Organic Quantitative Analysis by Functional Groups." 

(10) Contents of carboxyl, oxycarbonyl and total carbonyl groups 

The contents of carboxyl group, oxycarbonyl group, and total carbonyl groups (carbonyl and formyl groups) 
55 were calculated by the following equations. 

(i) Content of carboxyl group = 



acid value 



molecular weight of KOH 



(carboxyl group, mol/modified copolymer 1000 g) 
(ii) Content of oxycarbonyl group = 
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saponification value - acid value 
molecular weight of KOH " 

(oxycarbonyl group, mol/modified copolymer 1000 a) 
Content of total carbonvl araim* =, 



, — 7 ™ w ..jr. yiuup, moi/moaniea copolymer 1000 a) 
(in) Content of total carbonyl groups ~ 

l S%:?wi*£%l 6 ' UCM 01 0 " b "* gr ° U " + «"* - oxycarbonyl grou P)x2 + 
(total carbonyl groups, mol/modified copolymer 1 000 g) 10 



Example 1 



15 



20 



t^rmS^ "» an gas Wet tube, an g as oufiet tube, a 

having an ethylene conTent of 49 moK n SEJSSS JSi!^ ^J^P^ne random copolymer 
distribution (Mw/Wn) of 1.43. an ethylene coZ^ 1,0 °°- a molecular 

1.2. and a viscosity of 1040 centipoise at 20 1 °r Th»^^K P " * andard deviation (o) of 0.1, a 8 value of 
was raised to 200' C. Th^dTa^ bS L^h™~ JT er k ^ aQ tated at 1000 ^ while the temperature 
blowing was terminated. andKJ n££ B n il °K Kn^* , ? * « 1 00 ,iter/hour ™« 
to room temperature^^,. There wa2 ooSne^i S£Jl£T2£ h ^ " hto thC reac,or ^ cooled 
liquid having the following physical properties ° X ' dat ' Ve,y modrfied copolymer, which was a clear yellow 
number average molecular weight (Kfn): 940 
molecular weight distribution (KJw/Kin)- 1 52 
acid value: 3.7 mgKOH/g 

saponification value: 5.40 mgKOH/g ss 

oxygen content: 2.94<>/o by weight 

viscosity: 1640 centipoise at 20° C 

carboxyl content: 0.066 mol/tOOOg modified copolymer 

oxycarbonyl content: 0.030 mol/1000g modrfied copolymer 

tott ^"k 00 " 6nt: 060 ™ ,/10 °09 ™dmed copolymer 30 
T^ B ^nS C °K ent ; 150 mo " 100 °9 Edified copolymer 

The rnfrared absorpfon spectrum of the modrfied copolymer of this example Is shown in FIG. 1. 
Example 2 

eip p ^^^ copo^er was a liguid 

Ttan 3 ^^ 

temperature was 130'C. and Ve lowing fime v£s 10 ^urs^l « ^ the ' eac,ion 

copolymer, which was a clear yellow MqTd haTnq^e foMow?nn^K -T *" oxidative 'y modified „ 

number average molecular weight (Mn) 1130 9 P yS '° al pro P erties - 

molecular weight distribution (Siw/ftln)- 1 64 
acid value: 15.3 mgKOH/g 
saponification value: 25.1 mgKOH/g 

oxygen content: 5.97Vo by weight 45 
viscosity: 12400 centipoise at 20° C 
carboxyl content: 0^7 mol/IOOOg modified copolymer 
oxycarbonyl content: 0.17 mol/1000g modified cooler 

l£ ni r t: 062 m ° ,/10009 modif,ed copolymer 
total carbonyl content: 2.23 mol/1000g modified copolymer 

The .nfrared absorption spectrum of the modrfied copolymer of this example is show, in FIG. 2 . 
Evaluation 1 

The oxidative^ modified ethylenic random copolymer was evaluate w 
formulating agent by the following method. P ° ,ymer was eva,ua ^d for its performance as lubricant oil 

(1) Preparation of sample 

In a 300-ml beaker were admitted 65 parts bv weinht of ™k, * • „ 
manufactured by Mobil Chemical) and 35 SS *2 ofnolv^^ ° r^ 0 ^' A (M ° bil S " F ~™> 
manufactured by Chevron Chemical). They were i ttoSSiS S2Lft2L ! 9 °T 8 (SynfiUkJ G ° St PAO ' 60 
added 1 part by weight of a commercially avaHabL aZr of ^ ™ xedwTth a 9 ,ass bar. To the mixture were 
Texaco, containing 24.1<Vb of S a™7tV<^ type additive (TC9535. manufactured by 

random copolymer obtained in Example 1 lS Sure^s SE 8 ^ °^ *!? OXidative * mod * ed ethylenic 

For comparison purpose, lubricant sampie^was ^^^^J!!^ * ,UbriCant »■ 

as P re P ared oy the same procedure as above except that the ^ 
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oxidatively modified copolymer was omitted. 
(2) Evaluating procedure 
5 (a) Compatibility 

100 ml of sample was added to a glass container having a diameter of 40 mm and allowed to stand overnight. 
The sample was determined for clarity. That is. the light absorbance of the sample at a wavelength of 660 nm 
was measured by a spectrophotometer using a glass cell of 60 mm and hexane as the reference. 

10 

Rating 

Absorbance <0.05 0.05-0.15 0.15-0.25 0.25-0.35 >0.35 
15 Point 5 4 3 2 1 



(b) Heat stability 

20 The glass container containing the sample part which had been used in the compatibility test was kept in a 
constant temperature bath at 80° C for one month. Thereafter, the sample was taken out of the bath, allowed to 
stand at room temperature (25° C) overnight, and then determined for clarity by the same procedure as (a). 

(c) Anti-emulsification 

25 The time taken until disappearance of an emulsion layer was measured according to the procedure of JIS K 
2520. 



30 



35 
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Rating 

Time, min. <10 10-30 30-60 60-480 >480 
Point 5 4 3 2 1 



(3 ) Results 

Table 1 

40 Lubricant sample 

I II 

Compatibility 5 2 

45 Heat stability 4 1 

Anti-emulsif ication 5 5 



Evaluation 2 

The oxidatively modified ethylenic random copolymer was evaluated for its performance as painting 
composition formulating agent by the following method. 



(1) Preparation of sample 

85 parts by weight of epoxy resin A (Epomik R-140, manufactured by Mitsui Petrochemical Industries, Ltd.), 
15 parts by weight of epoxy resin B (Epomik R-094, manufactured by Mitsui Petrochemical Industries Ltd.). 
and 3 parts by weight of the oxidatively modified copolymer obtained in Example 2 were thoroughly mixed. To 
60 the mixture, 35 parts by weight of silica flour (Crystalite A-1 , manufactured by Tatsumori Kogyo Co.) was added 
and thoroughly mixed, obtaining epoxy paint I. 

For comparison purpose, epoxy paint II was prepared by the same procedure as above except that the 
oxidatively modified copolymer was replaced by a commercially available vegetable oil polymerized type 
anti-settling agent. 
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(2) Evaluating procedure 

(a) Pigment settling rate 

(b) Sag 

To 100 parts by weight of test paint was added 28 Darts bv weiaht of » mnwifi^ i. 
(Epomik Q-636, manufactured by Mitsui PMimZum^!uS< 1 modrfied Polyamme curing agent 
and appiied onto a glass plate tM^teX^^ ^T*? 1 ™f m " tUre ^ »«*ouQhly admixed 
kept upright, the coating cured TtTe Sta ^SS^^^ 1 * 0 ^ Upn ' 9W - While ,ne P ,ato ««~ 
which the coating did not sag d^rmineT ^ maX,,nUm COatin 9 thickness bel °" 

(c) Results 

Table 2 

Epoxy paint 
I II 

Pigment settling rate 0 % 6 0% 

Sag (maximum coating thickness) 120 U m <75 m 
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